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Abstrect along both singly rotat.d and doubly rotated orient.-

C~ 
t ions . Th is paper will review th. results of those

Calculatio n s of the surface acoustic wave (Sm) calculations conside r their signifl c .n c. for SM~ app 11 .
properties of ber lin it e (AIPO. ) and 0-eucryptit. catlon s, and briefly compare them wi th results obtained

~~~~~ (8-L iAl S ;0~) show that both mater ia l s •re te.p.rature with ethe r m.t.riais being studied .
compsnsat.d along both sing ly ret.ted and doubly rotat-
ad orientations, Berilnits

For berlinite , sev.ral orientation s combin. zero
electromec hanical power flow anglss with more than four The procedure used to calculate surface acoustic

tiess the piezoe lectric coupling of ST cut quartz. The wave properties ha. been described before’.7.8. I t  rs-

~~~~ best singly rotated orientat ion is a direct analog of i’~s~ for the .atsria l b.ing stud i ed . sxperiiuenta i

the ST cut of quart z. This cut has , l i ke ST quart ! . a ~ value s for the elast ic , pie zos lectr ic . and diel ec tric

zero elec t romechanical power f l o w  enjfl’ but the dis- constants , their resp ective t~~~erature coeffic ients .
tlnct advantage of more than four times the piezoelec- the dsnsity, and the coefficients of therma l expansion .

tric coupling. Even more promising are the rssu lts ob- in the caicul ation s reported he re , the constants for

~~~~ tam ed for two doubl y rotated cuts which combine all berlin !ta were all taken fram th. data of Chan
the edvantages of the singly rotated cut with the added •arsch . 

g and

feature of better diffraction p roperties than ST cut
Initia l results showed that ber linite indeed hasquartz, 

temperature compensated cuts with more than four tIns~For Ø—eucrypt ite , a sing ly rotated orientation has the pie xoelectric coupling of ST cut quartz6 , However ,
a SPà~ velocity of 3662 mlsec and aimost twice the plezo- none of those in i tial l y reported cuts had a zero elac-
electric coupl i ng of ST cut quartz, but the dlsadvan - troemchanicei power flow angle , a desi rab le property
tags of an e~ectr~~~chanlcal power flaw angle of 18 de- characteristic of ST cut quartz , Subsequen t celcuia-
grees. On the other hand , a doubly rotated orientation tion s produced two singly rotated cuts and two doubl y
has a zero electromechan i ca l power flow angle, but only roteted cuts , all of which have zero electro mechanical
half the pie zoslectric coupling of ST cut quartz. power flow ang les7. The most promising of the sing ly

The results for bsrflnl te show that t represents rotated cuts is the S axis boule 80.40 cut , a direct

an attractive alternative to quartz for use In broad- analog of the ST cut of quartz. The two cuts are cow-

band, low insertion loss SAW devices, me relatively pared in Table I. Note that the pi.zoel.ctric coup ling.
low pisroelectric coupl’ng of 0—eucryptite maices i~ ~~ 

4V/V . of the X-axi s boule 80.40 cut is more than four
attract ive for broad-band , low insertion loss applic.- times as larg e as that of ST quartz , a distinct .dvan-

tins , but i ts re latively large SAW ve locity indicates tags, Other calcu l ations have been made to Investi g ate
that It may be useful in hi gh frequency applications, the behaviour of pseudo surface acoustic waves on bar-

u n i te9.
introduction Table i a I so shows that the slope of the powe r f low

ang le , k/S. is larger for the X axis boule 80.4° cut ci
Th. desire to deve lop improved broad—band, low in- ber l in it a then it is for the ST cut q uartz. Accord-

sertion loss SAW device s with t emperature indspendsnt ing to the t heory of SAW di’fraction , this means that
performan ce characterist ics has resulted In a search for ST cut quartz has better d i f f ract i on properties t han the
substrate materia ls that era t emperature compensated and S axis houle 80.4° cut of b erlln it s . The desire to find
have piezoe lectr ic coupling greater than that of ST cut t emperatu re compensated Cuts of ber linite hav i ng bette r
quartz . A maj or contribution to the search for such d i f f ract ion pro perties than the si ng ly rotated 80. 4° cut
materials has been the developmen t of a phenomeno iog l ca l motivated consideration of doubly rotated Cuts , in par-
model1 which explains why known materials are tempera- ticular , the ~ • 90.0 c~Iane of an orthogonal coordinate
tore compensated . Accordi ng to that mode i , tempera- system having the three Euler ang les )~. e~, and 9 as I ts

basis was carefu lly searched , The ~ — 90.0 plane was of
tore c~~~ensated materia ls possess either of th. folloW” part icular interest because it contains four of the stan -• ing anoma lous p roperties : (I) a positive temperature dard crystal iographic cuts, includ i ng the S cut and Z
coeffic i ent of velocity or elastic constant or (2) a axis cylinder , for which temperature compensated orien-
negative coefficient of thermal exprsion. Quartz , for tat ions were found earlier ,
ex~~~le , is temperature compensated because the t~~~er-

p ropagat ion along the z axis , is positive ’, sol i d cu~~es represent , respective ly, the loc i of Euler
atur e coeffic ient of C66, the elastic congtant for shear The results are shown in Fi gure i . The dashed and

Because quartz is temperature compensated, recent 
angles for which the electromechan ical power flow angle
and the tumperoture coefficient of tim. delay are zero .

attention has been focused on certain quartz derIvatives . As can be seen In the blown up portion of the Figure .
Two of these materials , ber linite (AlPOi,) and 5-eucryp- the loc i Intersect in a total of twelve places through-
ti te ( —LiA iSiO~~, are part icularly inte rest ing because out the p lane. Because of crystal symest ry , however ,

“ they each sat ie one of the criteria of the above- only two of the points are i ndependen t , and those dr .

~ >~ mentioned phanomsnologica l model , Ber lin its has, ~~~ 
cied in Figure I are iisted in Table i .  Notice that

~~~~ elast ic constant for shear propagation along the as the singly rotated 80,40 cut , the slopes of their

~~~
) fr.ucryptit., on the other hand , has a negative coeffi- power f low angles are smaller than those of ei ther the

~ 0.. quartz, a positive temperature coeff ic ient for ~~~~~~ 
while they have about the gems piezoelectric coupling

80.40 cut or the ST cut of quartz , g iving them thecient of the
u c~-exus~

’
~
t1 expansion in th. direction of the hexe- added advantag e of less diffraction spreading.

____ Recent calculations of the surface acoustic wave 1-Cucryotits

u... properties of berlini te and ~-eucryptit. have shown To calcu late the SAW properties of j-eucryptite ,
that both of these materials are temperature compensated coefficients of the rmal expansion were obtained from
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the data of Hu,uuusl1 and ShuIz5. and Velectr ic constants 20 to )9 percant larger than th. previo usly det er,’ . ned
were obtained from the data of Bob.’ Values for the values ’! . All these retults lndicat. that berlinit.
elas ti c and plezoelectric constants and the densjty appears to be a bitter substrate material than quartz ,

~~ wire obtained from th. data of Barsch and Sp.arll , sd~ch and as good quality supp l es of the mater ical bec ,v~
were msasured on smup Iss of 8-eucrypt its grown at available . it will be attractive for use in  broad-band .
Pennsylvania Stat. University. Figure 2 shows the van - low insertion loss surface acoustic wave devices .
•tlor. of SAW velocity, .lectrow.chanical power flow
angle, piezoelectric coupling . and temperaturs coeffi- ø”Eucryptite has also been shown to be temperature
d e nt of t ime delay for the N cut , for which a sing l y compensa ted , and this ends further Credenc, to the
rotat~d temperature compensated orientation was found phenomenological model which helps predict which
at 69 . Table I shows that although the p l szoelectrlc materials may be temperature c~~~ensated . The pie,o-
coup ling for this cut Is almost twice as large as that electric coupling of B-.ucryptite is relativ el y poor .
of ST quartz , I t has the disadvantage of an 18 degree however, and I t ~~~s not appear to be as a t trac ti v e for
electromechanical power flow ang le. broad-band, low insertion loss applications as ber~~,te~howsver, because of i t s  relatively large SAW velocity.

As was done in the case of b .rllnite , doubly ro— it may find usa In hi gh frequency applicat i ons,
tated cuts were considered also , and a temperature com-
pensated cut having a zero ele8tromechan ical power flow Ber lin ite and S-eucrypt i te are shown on the state-
angle was found .n the )~ — 0.0 plane , as shown in of-the-art diag ram in Figure 4, aiong wi th the othe r
Fi gure 3. As can be seen in the Figure , the loc i inter— mater Ials discussed above . Clearly, the search for
sect in a total of four p laces throughout the plane , high coupli ng temperature compensated materials has
Again , because of crystal synr~etry , only one of the prod uced some attractive results , and it promises to
points is independent , and it is listed in Table I produce more . No single one of these materials is per-
where it can be seen that , unfortunately, the p iezo- fect for every SAW application , but together they in-
electric coupling of this doubly rotated cut is only crease the variety of choices available to the design
about half as large as that of ST quartz. Perhaps the engineer and , most importantl y, they remove the need to
most attractiv, feature of this material is that it has use lithi um nlobate with its assoc i ated ovens for broad-
the hi ghest SAW vel ocity of all the temperature compen- band, low insertion loss devices, for which ST quartz
sated materials listed In Table I , 3662 m/sac. is not adequate,
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‘3. A O S T R A C T  
- 

cu a i of the surface ac~~u~~i1c ss I -
~~~~ \V. pI’ & iI.~r~ u~~ ~t ~eri i nite

I A~ and ‘j 3—euc ry ptite’”r?l—I .iAlS~O~ ) ~ltt~~’ tha bus n i : t t  c r~’li~ at  ~
- ten pei’ature

~r~ u f ~rl3ated along both sin ~ lv rotated and & t ~~i i l i ~ v t ’ ~ it - () ! I t 115 r t t ioflS. Kor
-

- l ’ ’r l i u i t e , several orientations combine zero el - ‘c:~~ cha nical powe r ~1uw angles
‘v it~ more tITan I u J r  times the piczoe)ect rii ~upuing of ~ l cut quartz. The best
~:i r.~~1y rotated orientation is a direct analog 01’ t h e  ST r~’t of quartz . Thk  Cut has .

•— ~~e-~ ’i ’ quartz , a Ze r o  elect romechanicat j iwer  flow angle , but t i , c  di.- t it ic t  ad-
nt~’~~e of more than four -times t nh  p iezoelectric ’ oup ltng .7 l’ s’ s~n more promi sing

:~.re the resu lt ’~ obt *l ned tot two doub l y rotated ~ut~ •w~ich comb ine al l  the  advant-
-~~~s of the singl y rotate c~~~W1Th th.~ added feature  ot ij,- - t t  c r d i f fr a c t i o n  p ro p e r—
~~~~ than ST cut quar tz .  or~~— eucrypti te , a singl y rotated orit-ntat ion has SAW
‘ieloc tv of 3662 rn/ sec  and almost twice the ezuc ’it ,, ct r i c ~‘uup l ing t )  ST ut
‘ju a r t/ ., but the disadvantage of an e lec t romechani cal  powe” flow ; & n L ~~ - of 18 de-
j~r’t ’t ’s. (in the other hand , a doub i s rotated ( ‘ru nt  ‘ t n  has a t e ro  t ’~ ~‘~- f  r ’ ( , r n e r h a nj
.‘a wet ’ flow angl e, but only h a l f  the  p iezoe le r tr i c  coupl ing of ~‘I’ Ut quar tz .

he results for bcrllr iite show that it r eprt ’~;e l i t . ~ an att r :I~~s ~- e a lt .~rna t iv”  to qu art
-: ~ a) ”  ui~• ’ in broadband , low in::e rt~on loss SA\~ de’.’ic e l .  ‘I’ h s ’ s at ively ~~~ p iezO —

• - l . ’ s ’ t  He coupl ing of i3—eu cr~ p t ft e  makes  It unat t ract ive t u r  1, - ‘‘:~ i —b and , low inse r—
t ion 1o~~ applications, but i ts  relatively large SAW velocity inJicates tha t  it may

P 

be usu f ’d  in high frequency applications. ~~~~
KEY WORDS : Surface Acous t i c  Waves , Tem perature Cornpen’ :Ltc ~ \ i at e r ia l s
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